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ABSTRACT 
The purpose of the present investigation is to statistically 
analyze the scatter 
replicate tests. 
• 1n creep cavitation data obtained from 
From experimental observations, it is known that many of the 
characteristic features of intergranular creep cavitation are 
highly nonuniform. Measurements of creep cavities have been 
analyzed by statistical methods. As a result of this analysis, it 
is found these data have a substantial degree of scatter. 
To investigate the degree of scatter more closely, we have 
carried out a number of replicate tests involving nominally 
identical specimens under the same load for the same length of 
time. Creep cavitation data were obtained from crept specimens of 
AISI type 304 stainless steel by an automatic image analyzing 
computer. 
The resulting data were statistically analyzed to quantify the 
degree of scatter and to estimate trends in creep. cavitation. 
-1-
I. INTRODUCTION 
Creep is the slow continuous deformation with time of a 
material under stress and occurs primarily at temperatures greater 
than one-quarter of the melting temperature. Creep deformation is 
moreover highly temperature sensitive. Thus for high temperature 
applications, such as nuclear reactors, gas turbines, the creep 
phenomenon is considered to be quite important. 
Of particular interest are the mechanisms by which metals fail 
at elevated temperature under creep conditions. One of the 
principal failure mechanisms, creep rupture, is due to the 
accumulation of what • lS commonly known as creep damage. It is 
believed that cavitation and cracking along the grain boundaries 
are the domina.nt causes of creep damage. Creep cavities are 
thought to be nucleated, or farmed., as a result of grain boundary 
sliding [1,2]. Subsequent cavity growth is then thought to occur 
by diffusion of • vacancies from the grain bound~ry ._ .into the 
cavities [3-7]. 
Recent experimental work by Liu et al [8] has noted that a 
number o:f the characteristic features of intergranular creep 
cavitation are highly nonuniform. These investigators used 
statistical methods to analyze creep cavity measuremP.nts obtaine·d 
from crept specimens of AISI type 304 stainless steel. As a result 
of thi~ work, it was found that the data have a considerable 
degree of scatter which obscures to s·ome extent tr~nds in the 
data. The purpose of the present investigation is to more 
-2-
precisely quantify the degree of scatter and to see whether or not 
trends in the data may not be more clearly defined. 
The effects of scatter best measured by 
• the are comparing 
results of tests • in which the test conditions are as nearly 
uniform as possible. Hence the approach of the present work is to 
analyze the results of a number of replicate tests involving 
of nominally identical 
• of type 304 stainless groups specimens 
steel crept at the same load for the same length of time. 
Measurements of the cavitation present in the specimens may be 
carried out with an automatic image analyzing computer. The ·data 
from the replicate tests may then be compared to one another to 
obtain information about the trends and the scatter in the data, 
and to form more reasonable conclusions about the trends exhibited 
by the data. 
-3~ 
II. EXPERIMENTAL PROCEDURES 
The material used here was taken from a commercial heat of 
AISI type 304 stainless steel and was obtained in the form of 1.5 
mm thick strip stock. Prior to testing, the material was subjected 
to a solution annealing heat treatment consisting of 1050°C for 30 
minutes, followed by 
• an air 
0 
quench. After heat treatment, the 
specimens were roughly machined into a standard dogbone shape on 
a Tensilkut™ milling machine. Afterwards, they were carefully 
machined on an end-milling machine to a uniform width of 10 mm 
along the test section. S_pecial .care was taken to insure symmetry 
about the specimen center line. The specimen dimensions are shown 
in Fig. 1. 
All specimens were tested in air under constant load in 
standard SATEC M-2 creep machines. Prior to loading the specimens, 
a tight-fitting sleeve was- placed over the specimen and both of 
the grips to avoid the possibility of rotation of the grips with 
respect to each other and with respect to the specimen. This 
procedure was used to insur.e that the specimen axis was well 
aligned with the loading direction. The sleeve was removed prior 
to sealing the specimen in the furnace. Post-test inspection 
indicated that, as a result of this procedure and the care taken 
in machining, the specimen_s experienced very uniform deformation. 
The use :of these sleeves prevented the ~ttachment of 
extensiometers to the specimen. Instead specimen deformation was 
measured by scribing the specimens with two ligl1t, parallel lines 
with a silicon carbide pen. The distance between these lines was 
-4--
measured before and after testing to give a measure of specimen 
elongation. 
During the experiment, the temperature was controlled to 
600+2°C by a Leeds and Northrup temperature controller • 1n 
conjunction with a type K thermocouple attached to the specimens 
at the center of the gauge length. 
Four groups of specimens, consisting of three specimens each, 
were tested. The test conditions (specimen load and test duration) 
were identical for each group. The test conditions are given below 
in Table 1. 
Table 1-~-Test Parameters 
Specimen 
B-30,B-34,B-36 
* B-56,B-57 ,B-58 
B-33 B-38 B-40 
' ' 
8~59 B-60 B-61 
' ' 
Nominal Stress 
(MPA) 
233 
221 
214 
200 
*B57 was broken at t=492 hr~ 
-5-
Duration 
(HR) 
336 
500 
776 
1000 
After removal from the testing machine, some of the specimens 
(B-33, B-38 
' 
B-40 
' 
B-30, B-34 & B-36) were cut at the center of 
the gauge length into two parts, mounted and then polished. Each 
part was about 20 mm in length. The remaining specimens (B-56,B-
58, B-59, B-60 & B-61) were left intact for further testing. On 
these • specimens, the central 3-4 cm of the gauge length was 
similarly polished. According to the orientation of the specimen 
in the furnace, the upper part of the specimen is denoted by "U", 
and the lower part by "B". For unknown reasons, specimen B-57 
failed ~fter being crept for 492 hours_, breaking about 25 mm below 
the center line. This specimen was cut into three parts, that cut 
from the middle portion of the specimen being denoted by "M". The 
data from this specimen, though analyzed, was not included with 
the data f~om the remaining specimens. 
Considerable care is required during the polishing procedure 
to avoid scouring out larger cavities or smearing ovet the smaller 
cavities, ~nd thus altering the apparent size of the cavities. 
Initially,about 50 microns was polished away from the surface by 
repetitive polishing with different grades of emery paper (#240, 
#320, #400 and #600}. This was done because experimental evidence 
[9, 10] indicates the existence of a thin. boundary layer a few tens 
of microns thick in which cavities are larger and more numerous 
than • 1n the interior of the 
• sp.ec·1men. This phenomenon • lS 
apparently due to environmental effects. The initial polishing 
removed this layer, so that the interior cavitation could be 
examined. Then the sp~cimens were polished with 6 µm and 1 µm 
-6-
diamond paste on a Politex™ P~-125 mat and etched two minutes by 
Kalling's reagent, which was compounded in the ratio of 2 gm 
CuC12 , 40 ml HCl , 80 ml Etchanol and 40 ml H2
0. After repolishing 
the specimens with 6 µm and 1 µm paste diamond and etching, the 
specimens were polished with 1 µm diamond paste once again before 
examination. 
After polishing, the specimens were analyzed on a Bausch and 
Lomb Omnicon™ image analyzing computer at the National Bureau of 
Standards, Washington D. C. This device can scan the specimens and 
automatically measure individual cavities. Two features of the 
machine should be noted. First, the image analyzed by the computer 
is not the direct optical • image, but rather the video i~age 
produced by a television camera which examines the specimens 
through a standard optical microscope. The cavities shaw up as 
dark features on the bright polished surface of the specimen. With 
the difference in contrast, the computer is able to recognize, 
count and m~asure the cavities. In the prese·nt work, a 20x 
objective lens was used, which yiel.ded ·an overall magnification of 
406x. The . . . m1n1mum measured cavity 
. 2 . 
area was 1.7 µm, which was 
composed of 3 pixels, 1 pixel corresponding to an area of about 
2 0. 56 µm .. Because the area is measured in one pixel increments, the 
resulting data is discretized. Second, a guard frame which was 
smaller than the fixed frame was used. This avoided the inclusion 
and measurement of cavities which were intersected by the 
boundaries of the scan frame. To reduce the possibility of 
-7-. 
operator bias, the specimens were scanned by moving the microscope 
stage automatically. Focusing was carried out manually, however. 
A sufficient number of fields was examined so that at least 
2,000 cavities were measured per specimen. Some specimens had 
plentiful cavities and on such specimens more than 7,000 cavities 
5 
were measured. The area of each field was approximately 1.8 x 10 
2 µm. For these specimens which were not cut and mounted, two areas 
above and below the specimen center line were scanned. These two 
areas are denoted by "U" and "B" according to their orientation. 
Beside analyzing the cr·ept specimens, we also analyzed a dummy 
specimen which had n.ot been crept, but which had been subjected to 
the same heat treatment as the other 
• 
specimens. This dummy 
specimen contained no creep cavities. The propose of analyzing the 
dummy • specimen was to measure the effects of grain boundary 
inclusions upon the data. The inc1usions. also stand out against 
the polished metal background, and are likely to measured and 
co .. unted along with the cavities. The data from the dummy specimen 
was used to correct the data from the crept 
• specimens by 
subtracting the dummy • specimen distribution from those of the 
• 
crept specimens. 
The raw data obtained from the image analyzing computer was 
stored on 8" floppy diskettes by using the Data General NOVA 4 
computer which controls the • analyzer. The data then image were 
transfered to IBM-PC 51 " floppy diskettes, which 
• turn in were 
4 
transfered to the CDC CYBER computer at Lehigh University by the 
KERMIT computer program. 
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III. RESULTS AND ANALYSIS 
Figures 3 to 27 are histograms which show the measured 
distribution of cavity cross-sectional areas plotted in terms of 
measured cross-sectional area versus numbers of cavities per 
square millimeter having this cross-sectional area. These data 
were corrected by subtracting from the raw, uncorrected 
distribution the cross-sectional area distribution fdr the 
inclusions obtained from the dummy specimen. The inclusion cross-
sectional area distribution obtained from the dummy specimen is 
shown in Figure 2. This dummy specimen, as mentioned:, wasn't crept 
and hence contained no creep cavities. Comparing Figure 2 with the 
others, it is easily seen that grain boundary inclusions make a 
substantial contribution to the raw data and hence must be 
separated from this data in order to investigate the creep 
cavities. 
with 
It may be seen that there is a peak on most of the histograms, 
the distribution falling off smoothly with increasing cavity 
area. This peak in the distribution occurs in the t;ieighborhood of 
10-15 2 
2 
µm . Spikes in the distribution in the 2-4 µm range ·are 
felt to be machine artifact~·., as data in this range lie close to 
the lower limits of machine resolution. The distributions are 
qualitatively similar to those reported .by Chen and Argon [11] for 
creep cavities in type 304 stainless steel, and by Yang, Weertman~ 
and Roth [12] for creep cavitation in copper. 
In order to furiher analy~e the dat~, the probability 
.distribution function for the measured cavity cross-sectional area 
~9-
was investigated. The Weibull cumulative distribution function 
[13,14] may be written as 
F(A)-1-exp[-(A/P)JP (1) 
where F(A)=probability that a given measured cross-sectional 
area will be less than or equil to A. 
P= characteristic area, 63.2% of the measured values 
being less than or equal to this value. 
p= shape parameter, approximately related to the 
-0.94 
coefficient of variation (c.v.) by c.v.=p . 
Equation (1) can be also expressed as 
Ln{--Ln (1-F (A)] }=p [Ln (A)-Lnp] (2) 
Since p and /J are constants, equation (2) implies that Ln{A) 
versus Ln{-Ln[l-F(A)·J} yields a linear relationship with slope p. 
In practice, such a graph is constructed by plotting the natural 
log of the ordered statistics Ai versus ln[-ln(l-Fi)], where 
• 
1 
jEl SD(j) 
F. - -----
·1 n 
(3) 
l+jEl SD(j) 
and SD(j) is the number of cavities per mm2 in size class j. Here 
n 
n 
• 1S the total num-ber of • size classes, and thus .I:1 SD(j) J= 
-10-
represents the total 
• 
2 
number of cavities observed per mm. F. is 
1 
the cumulative fraction 
2 
of cavities per mm up to the i-th size 
class. Hence F. is the i-th probability plotting point. Figure 28 
1 
to Figure 53 shows the cross-sectional area data plotted.on 
Weibull probability paper. It can be seen th~t, except for the 
upper portion, the data appear to fall quite close to a linear 
(Weibull) distribution. At the upper end, however, the 
distribution appears to flatten. Because the coefficient of 
variation • lS inversely related to the slope, this indicates a 
substantially greater degree of scatter in the size variations of 
the lar_gest cavities as 
cavities. 
ared to the much more numerous smaller 
Table 2 shows some of the statistical measures of the data, 
namely the mean cavity area and the standard deviation and 
coefficient of variation (c.v.) of this quantity. Also given is 
the cavity area fra.ction,. which is the ratio of the cavi tated area 
to the total area scanned, and the total number of cavities 
observed per 2 mm. The later quantity will be referred to as the 
cavity surface density. 
-11-
Table 2---Result of Replicate tests 
(a) Unit 0. Dummy specimen 
Specimen Strain Mean cavity Std. Dev. c.v. 
No. (%) 2 2 (%) area (µm ) (µm ) 
Dummy --- 5.65 5.70 101 
(b) Group 1. Crept at 233 MPa for 336 HR 
Specimen. 
No. 
B-30B 
B-30U 
B-34B 
B-34U 
B--36B 
B-36U 
Strain 
(%) 
6.1 
6.1 
7.6 
7.6 
7.8 
7.8 
Mean cavity 
2 
area (µm ) 
38.8 
38.5 
50.7 
44.6 
31.6 
21.6 
Std. Dev. 
2 (µm ) 
47.0 
55 .1 
52.9 
69.4 
40.8 
23.0 
-12-
c.v. 
(%) 
121 
143 
104 
155 
129 
107 
Cavity area 
fraction (%) 
0.005 
Cavity area 
fraction 
0.037 
0.182 
0 .. 209 
0.190 
0.771 
0.107 
(%) 
Cavity No. 
per mm 
84.32 
Cavity 
per mm 
19.44 
48.41 
33.08 
67.40 
259.25 
32.89 
2 
No. 
2 
(c) Group 2. Crept at 221 MPa for 500 HR 
Specimen Strain Mean cavity Std. Dev. c.v. Cavity area Cavity No. 
No. 
B-56B 
B-56U 
B-57B* 
B-57M 
B-57U 
B-58B 
B--58U 
(%) 
8.8 
8.8 
** 
** 
** 
8. 8. 
8.8 
2 
area (µm) 
49.4 
36. 6· 
56.7 
36.9 
41.3 
30.6 
35.0 
91.3 
54.5 
274. 
59.6 
62.8 
55.5 
49.1 
* Broken parts are on this specimen. 
** B-57 was broken at t=492 hr 
(%) fraction (%) 
185 
149 
483 
162 
152 
181 
140 
1.062 
0.626 
3.287 
0 .. 267 
0.605 
0.487 
0.429 
(d) Group 3. Crept at 214 MPa for 776 HR 
Specimen 
No. 
B-33B 
B-33U 
B-38B 
B-38U 
B-40B 
B-40U 
Strain 
(%) 
7.2 
7.2 
6.4 
6.4 
7.2 
7.2 
Mean cavity 
2 
area (µm ) 
68.8 
34.4 
44.1 
24.3 
34.4 
60.7 
Std. Dev. 
2 (µm ) 
69.2 
44.9 
49.7 
24.5 
44.5 
74.0 
-13--
c.v. 
(%) 
100 
131 
113 
101 
129 
122 
Cavity area 
fraction 
0.478 
0.959 
0.434 
0.626 
0.409 
0.629 
(%). 
2 per mm 
272.27 
210.67 
575.11 
60.79 
197.77 
146.65 
186.42 
Cavity 
per mm 
52.15 
273.68 
75.80 
244.83 
79.06 
98.99 
No. 
2 
(e) Group 4. Crept at 200 MPa for 1000 HR 
Specimen Strain Mean cavity Std. Dev. c.v. Cavity area Cavity No. 
No. 
B-59B 
B-59U 
B-60B 
B-60U 
B-61B 
B-61U 
(%) 
7 .. 6 
7.6 
5 .1 
5.1 
5.2 
5.2 
2 
area (µm) 
48.3 
47.4 
16.5 
27.6 
17.7 
19.4 
137. 
113. 
23.4 
31.5 
22.8 
21.5 
(%) fraction (%) 
284 
239 
142' 
114 
129 
111 
2.866 
2.303 
0.087 
0.267 
0.222 
0.120 
2 per mm 
646.64 
460.85 
106.84 
155 . .16. 
120.84 
67.11 
It may be seen that specimen B-.59 has anomalously :high values 
of mean cavity area, cavity area fraction, and cavity surface 
density as compared with the other specimens in group 4. During 
the test, the temperature controller for this 
• 
specimen 
malfunctioned, and the oven temperature dropped down to room 
temperature for approximately 24 hours before. being brought back 
up to test temperature. This fact may have some bearing on the 
high values o.bserved. 
Taking the data of mean cavity area, cavity ar·ea fraction, aI1:d 
I 
cavity surface density from Table 2, we investigate various 
statistical measures of the data within groups of ~eplicate tests. 
These are shown in Tables 3, 4 and 5. 
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Table 3---Means, standard deviations and coefficient 
of variation for mean cavity area 
Group 
No. 
1 
2 
3 
4 
Mean 
2 (µm ) 
37.6 
37.9* 
44.5 
29.5 
Std. Dev. 
2 (µm ) 
10.1 
8.1 
14.7 
c.v. 
(%) 
26.9 
21.4 
38.4 
49.8 
*B-57 (B-57B,B-57M & B-57U) not included. 
Table 4---Means, standard deviations and coefficient 
of variation for cavity area f·raction 
Group 
No. 
1 
2 
3 
4 
Mean 
(%) 
0.249 
0.651* 
0.589 
0.978 
Std. ·oev. 
(%) 
0.264 
0.286 
0.204 
1.259 
c.v. 
(%) 
105.8 
44.0 
34.7 
128.7 
*B~57 (B-57B,B-57M & B-57U) not included. 
-15-
the 
Table .5----Means, standard deviations and coefficient 
of variation for cavity surface density 
Group 
No. 
1 
2 
3 
4 
Mean 
2 (No/mm) 
76.74 
204.oo* 
13·7. 42 
259.57 
St·d. Dev. 
2 (No/mm) 
90.90 
52.61 
95.97 
237.00 
c.v. 
(%) 
118.4 
25.8 
69.8 
91.3 
*B-57 (B-57B,B-57M & B~57U) not included. 
Figure.s 54--57 show the cavity area histograms resulting from 
of all the data within a set of replicates, and 
Figures 58-61 show the corresponding Weibull plots. 
Ignoring what are likely to be spurious peaks in the data in 
2 the sub-5µm range, it can be seen that there exists a peak in t.he 
2 
distribution for all four groups in the range of 10 to 15 µm. The 
substantial differences in cavity surface density (number of 
cavities / unit area) observed in each group noted in Table 5 are 
apparent here as well. 
We now investigate possible forms of the relationship between 
the measured quantities (mean cavity area., cavity area fraction,. 
and cavity surface density) and the independent variables, which 
are time and stress. A third variable, the inelas·tic or cr.eep 
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strain, will be included as an independent variab
le as well, 
although this quantity is dependent itself upon time 
and stress. 
Specifically, we assume power-law relations of the form
 
and 
Q-Ctaap 
Q=CtaaPE1 
where t=elapsed time (IIR) 
a=applied stress (MPa) 
E=strain 
(4) 
(5) 
Q=measured quantity, either the mean cavity are-a, cavity 
area fraction, or cavity surface densityA 
Equation (4) contains only t and a as independent variables, 
whereas equation (5) includes the inelastic strain as well. As 
noted, however, the strain is not really an independe
nt variable 
because it depends upon t and a as well. Equation (4) contains 
three parameters (C, a, and /J), whereas equation (5) contains 
four. In both cases, these parameters were determined 
by carrying 
out le·ast-squares fits of· equations (4) and (5) to the twenty-two
 
observations _given in Table 2b-e. The numerical techni
que used to 
carry out t·he fits was the Davidon-Fletcher-Powell m
inimization 
method [15]. The results are given below in Tables 6 and 7. 
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Table 6--~Parameters for three-parameter fits (eqn. 4) 
lnC a p 
Mean cavity 
area -65.1 1.27 11.2 
Cavity 
area. fraction -85.5 2 .. 45 12.8 
Cavity surface 
density 61.6 -0.373 -10.1 
Table 7---Parameters for four~parameter fits (eqn. 5) 
lnC 
Mean cavity 
area -46. 7· 
Cavity 
area fraction -0.0863 
Cavity surface 
density 121 
a p 
1.13 8.53 
1.77 0.181 
-0.847 -18.9 
-18-
1 
1.07 
4.97 
3.46 
One measure of the degree to which the functional forms given 
in equation (4) and (5) actually fit the data, or the goodness of 
fit, is the quantity E/Q, where Q is the mean value of the 
measured quantities, and Eis the square root of the mean square 
error. For the three-parameter fit given by equation (4), the mean 
square error is defined by 
(6} 
where N • 1S the total number of observations (22 in the present 
case) and. Q. is the i-th value of the measured quantity (i-th 
1 
observation). A similar definition holds for the fit given by 
equation (5). The quantity E/Q for the various fits is given below 
in Table 8. 
Table ·8""""--(Error)/(Mean Value) for three- and four-
parameters fits 
Mean cavity 
area 
Cavity 
area f racti.on 
Cavity surface 
density 
3-.:paramet.er fit 
Eqn. _ (4) 
0.096 
30700 
3.93 
-19-
4-parameter fit 
Eqn. (5) 
0.071 
51.3 
0.171 
It has been reported by Cane et al [16] that the mean cavity 
area increases linearly with time. This would imply that a
= 1, a 
value which is in good agreement with these reported in T
ables 6 
and 7. We now assume that this is the case, i.e., that a
= 1 in 
equation (4), and look for a simplified form of the three~ 
parameter fit to the mean cavity area discussed e
arlier. 
Specifically, we assume that 
(7) 
which implies that 
ln(!)=lnC+,Olna (8) 
A linear least-squares fit was then carried out to the m
ean 
cavity area data given in Table 3. We obtained 
C=2.169xl0~22 
/J-8. 756 
The correlation coefficient for the fit is 0.997, wh
ich 
indicates that equation (7) very closely approximates the mean 
data. The error bar·s in Figure 62 indicate the standard de
viation 
of the measured values within each group of tests. Of inte
rest is 
an apparent tendency for the standard deviation (width of error 
bars) to increase with larger test times and lower stresses. 
-20-
Larger standard deviations indicate a larger deviation from the 
mean and hence a greater degree of scatter in the data. 
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IV. DISCUSSION 
One of the most evident features of the data is that, within 
groups of replicated tests, there exists both substantial 
variations in the number of cavities observed, the mean cavity 
area, and the cavity area fraction. Some part of this scatter is 
undoubtedly due to variations in the test conditions and the 
analysis procedures. 
Although every effect was made to make the polish as uniform· 
as possible, variations in the quality of the polish both across 
the surface of a single specimen and within groups of specimens 
have certainly contri·buted to the observed scatter. Moreover the 
results were found to be somewhat sensitive to microscope focus. 
Because the microscope had to be refocused manually everytime a 
new field was examined, variations ·in focus from field to field 
also contributed to the scatter. Finally stereological effects 
must also be considered. These arise from the fact that we have 
analyzed collections of three-dimensional objects by sectioning 
them with a randomly located plane. A different plane of polish 
would be likely to produce different results~ The effect of all 
these factors • 1-S difficult to quantitatively estimate. 
Qualitatively, however, they are felt to have had a relatively 
small influence, and the bulk of the scatter in the data is felt 
to be attributable d·irectly to the randomne_ss inherent in the 
creep cavitation process. 
The principal argument against the existence of substa.ntial 
amounts of scatter induced b ·· y 
~22.-
experiment·al technique and 
stereological effects lies in the very high degree of correlation 
observed in the fit of the mean cavity area as a function of time 
and stress. Here it was found that the mean cavity area varied 
approximately as the product of a linear function of time and a 
power law function of stress, a finding which has been confirmed 
at least with regard to the time variation by Cane and Greenwood 
[ 16] . 
With regard: to distribution of cavity area, it was found in 
general that there exists a peak in the cavity area histogram in 
the neighborhood of 15-20 µm2 . At least for the test times and 
stress levels considered, there appears to be remarkably little 
variation in the location of this peak from group to group of 
replicate tests. Increases in cavity population appear to simply 
increase the area under the distribution curve without shifting it 
maikedly to the right~ However there is an evident tendency for 
increases in cavity population to cause ·the rightmost "tail" of 
the distribution, corresponding to the largest cavities observed, 
to shift to the right. This description corresponds qualitatively 
to that observed by Chen -and Argon [11], in their study of 
cavitation in type 304 stainless steel. 
When plotted on Weibull paper, the c~vity area distribution 
appears to describe a linear variation for lower values at cavity 
area. However at larger values the curve bands over and appears to 
approach another linear· variation with a much smaller slope. The 
implications of this fact are not clear at present. However 
because the slope at the Weibull _plot is directly related to the 
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degree of scatter (coefficient of variation), it is apparent that 
there exists much more scatter in the areas of the larger cavities 
than is the case with the smaller, more numerous cavities. 
Besides the cavity area distributions, the other quantities 
measured in the present investigation were mean cavity area, 
cavity area fraction, and cavity surface density (number of 
cavities / mm2). In order to obtain a better understanding of how 
these quantities depend upon elapsed time, applied stress, and 
accumulated inelastic strain, power-law dependencies of the forms 
given by equations (4) and (5) were assumed. Here the measured 
quantities we-re assumed to be power-law functions of either time 
and stress ( eqn. 4) o.r of time, stress, and inelastic strain ( eqn. 
5). The exponents were determined by standard least-squares 
fitting procedures. A measure of the degree to which the resulting 
relations ~ctua1ly fit the experiment-al data is given by the 
quantity E/Q, where Eis the square root- of the mean square error 
and Q . . lS the mean value of the measured quantity. Not 
surprisingly, the fits in which inelastic strain was included as 
one of the :independent variables (eqn. 5) yi.elded better fits to 
the observed da·ta for all three quantities. 
As measured by the parameter E/Q, the best fits were those for 
the mean cavity area~ Here not much difference was observed in E/Q 
between equations (4) and (5), indicating that inelastic strain 
has little ~ffect upon this quantity. Moreover the time exponent 
is approximately unity, a result which is in accordance with 
experimental results from • a prev.1ous investigation [16]. This 
-24-
result is also in agreement with the predictions of one of the 
simplest diffusive void growth models, that proposed by Hull and 
Rimmer [3]. The stress dependence is considerably greater than 
that predicted by Hull-Rimmer model, however, which would say that 
a N t 1/ 2 . If the exponent oft in the data fit is in fact assumed 
to be unity, an excellent fit to the means of the mean cavity 
areas measured in each group of replicates may be had (eqn. 7). 
Inelastic strain does, however, seem to have a strong effect 
upon the cavity surface density, as may be seen by comparing E/Q 
from equation (4) and (5) for this fit. A reasonably goo.d fit 
(E/Q= 0.171) is obtained when inelastic strain is included as an 
independent variable. whereas if time and stress are taken to be 
the only independent variables, a value of E/q over 20 times 
higher results. Moreover the fit containing only time and stress 
leads to the physically impossible result that the surface density 
decreases with time at constant stress. Because the inelastic 
strain • increases at least as a linear function of time, and more 
rapidly in the • primary • creep regime, the fit whi~h includes 
inelastic strain as an independent variable· gives results which 
are at least physically reasonable in that surface density is an 
increasing function of time at constant stress. 
Finally, the E/Q values obtained for both of the fits to the 
cavity area fraction are relatively large, indicating that neither 
equation (4) nor equation (5) fits the data very well. The reasons 
for this are not known at present. One possibility is that power-
law relations of the forDi of equations (4) and (5) are simply not 
-25-
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result is also in agreement with the predictions of one of the 
simplest diffusive void growth models, that proposed by Hull and 
Rimmer (3]. The stress dependence is considerably greater than 
that predicted by Hull-Rimmer model, however, which would say that 
o N. t 112 . If the exponent oft in the data fit is in fact assumed 
to be unity, an excellent fit to the means of the mean cavity 
.areas measured in each group of replicates may be had (eqn. 7). 
Inelastic strain does, however, seem to have a strong effect 
upon the cavity surface density, as may be seen by comparing E/Q 
from equation (4) and (5) for this fit. A reasonably good fit 
(E/Q~ 0.171) is obtained when inelastic strain is included as an 
independent variable. whereas if time and stress are taken to be 
the only independent variables, a value of E/Q over 20 times 
higher results. Moreover the fit containing only time and stress 
leads to the physically impossible result that the s~rface density 
decreases with time at constant stress. Because the inelastic 
strain • increases at least as a linear function of time, and more 
rapidly in the primary creep 
• 
regime, the fit which includes 
inelastic strain as ·an independent variable gives results which 
are at least physically reasonable in tha~ surface density is an 
increasing function of time at constant stress. 
Finally, the E/Q values obtained for both of the fits to the 
cavity area fraction are relatively large, indicating that neither 
equation (4) nor equation (5) fits the data very well. The reasons 
for this ,are not known at present. One possibility is that power-
law r·elations of the form of equ.ations (4) and (5) are simply not 
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appropriate to represent the variation of the cavity area 
fraction. Another is that this quantity is much more sensitive to 
variation in the quality of polish, microscope focus, etc~, and 
hence trends in the data tend to be obscured by scatter. 
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E-60(Upper). 
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